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Objectives. This study was designed to exanine the relatLn 
belwecn the tilaing and adequacy of perfusion of the infarct bed 
aad changes in ventricular size and the extent of abnorotal wall 
motion afler acute myocardial infarction. 
Methods. A validated echocardiographic mapping technique 
was used to measure the lert ventricular endocardiat surface area 
index and the extent rf abnormnl wall motion over a Smonth 
period in 91 patients who had either 1) no anterograde or 
collaterzd flow lo Ihe infarct bed In = 14), 21 only collateral flow 
10 Ihe infarct bed (n = l?l), 3) restoration of aalerogmde Row to 
the infarct bed within hours of chest pain (early [n = 43]), or 
4) r&tn’Htos d ~terogrnde Row tothe infarct bed wilhin a mean 
of 5 days a&r acute myocardial infarction (Iale In = 161). 
RmJ&. Over tbe follow-up period, P progwsive and signifi- 
crud incrww in endoerdial surface area index was observed onlv 
in the group of patients without lnterograde or collateral Raw to 
the inlarct bed lentrv 64 + 3.4 cm*/mz vs. 3 months 75.9 -c . I 
6.4 cm’im’, p c 0.005). la conttast, a progrewivc reduction in 
patients in whom antemgmde Bow to the i&ret bed ~as~kst&@d 
within houn (entry 26.7 f 2.5 cm’8s. 3 me&s tl.8 f 2.9 cm’, 
D < 0.001~ or davs kdrv 22.1 L? 3.6 cla’ vs. 3 m&L 11.8 I 
linear reksiao &ahsis co&med tbst hv -3 mobths. 
arm iudex pnd abmmwd \;nu mot&t et why (p < O.ooOl) a&d Lo 
the change in a < 
0.09011. and 2) to 
abnormal will moliw M admisiw. 
Conclusiorzs. After myocardiat i&r&n, the p- of VeS- 
trieular remodeling is ioliwttced by changes in the emtent of 
abnormal wall motion, which in turn are r&ted lo the adeqokxy 
rather than the ttming of p&&n of the iriarct bed. 
(J An Cdl C’orrlid 1993:2l&Z9I) 
Ventricular size is a sensitive predictor of outcome after 
myocardial infarction (I). Although early administration of 
thrombolytic therapy is asscciated with both smaller infarct 
and ventricular size (Z-4), it is uncertain whether reestab- 
lishing anterogmde Row to the infarct bed within days of 
coronary occlusion has any such effect (5). Further, the 
effects of collateral Bow on the process c&ventricular remod- 
eling remain uncertain. To examine the relation between the 
fiming and adequacy of perfusion of the infarct bed and 
changes in regional function and ventricular size, we used a 
validated echocardiographic endocardial surface mapping 
technique (6-S) to measure the endocardial surface area of 
the left ventricle and the extent of abnormal wall motion 
over a 3-month period in patients who had no reperfusion of 
the infarct-related artery or had reperfusion within hours or 
within days of myncardial infarction. 
Methods 
Data base. Data for this analysis come fmm a prospective 
echocardiographic study of the natural history of myocardial 
infarction being conducted at our inslitution. Patients are 
recruited into the study if they have no evidence of previous 
myocardial infarction, primary valvu’ar heart disease or 
cardiomyopathy. Patients are not consideredforpmspective 
evaluation if!hey present >24 h after theonset of symp?oms, 
the diagnosis of myocardial inFarction is excluded, the initial 
echocardiographic images are inadequate for quantitative 
analysis or the patient is unwilling or unable 10 return for 
repeat echocardiographic studies at regular intetvals over 
the subsequent year. 
Pa!% selection. Patients selected for this analvsis in- 
cludea only those patients who had I) undergone angiogra- 
phy during their index admission. 2) had sufficient clinical 
documenlalion to determine the time at which coronary 
reperfusion had occurred, 3) had echocardiography per- 
formed within 24 h of the onset of symptoms and at either I 
week or5 to I2 weeks, or both, after hospital admission, and 
Figure I. A, Relative positions ofthe echocardiographic imr&gplanes 
shown as lhey intersect the left ventricle. Ap 2CH = apical two- 
chamber plane; Ap 4CH = apical four-chamber plane; SAX APEX = 
apical short&s plane: SAX MY = milrdl short-axis plene; SAX 
PM = papillary muscle short-axis plane. 8, Schematic diagram ofthe 
left ventricular surlacc, which has been quadmsected by two ~erpen- 
dicular imaging planes. The transverse lina represent the positions at 
which short-axis planes would intersect the endocardial surface. 
SL,J.U values represent the endocardial apex co base segment 
lengths. C, Representative endocardial map rerulting from flattening 
the four quadrants of the endowdial surface as shown in B. The 
venwicular long-axis dimension is used as the map quadrant midline 
(MI value. Short-axis data are then plolted at their correct positions 
(shown) along the quadrant mid-lines. The apex to base segment 
lengths are then fined as smooth curves between the ends of the 
short-axis arms and the apex points of each quadmdl. C,, = circum. 
ference at theapical Icvel;C,, = endocardiul short-axis cucumference 
at the mitral valve: C,., = circumference at midpapillary mu& level; 
SL, = anterior wall endocardial segmenl length; SL. = inferior wall 
eudwardial segment length: SL, = lateral wall endocardial segment 
length; SL, = septal wall endocerdial segment length. D, Euamplcofa 
computer-aencrated map of the rndocardial surface area with a suuw 
imposed area of abn&al wall motion @lack) involving the a&.. 
ESL = endocardial segment length (cm); ESA = endowdial surface 
area (cm2im2); AWM area = area of abnormal wall motion (cm’); 
%AWM = percent of total eudtxardial surface area involved by 
abnormal wall motion: LAX = long-axis length (cm). 
4) had not undergone coronary artery bypass surgery during 
the study period. 
Echocardiographic data. kcqrtisihn. Echocardio- 
graphic images were obtained by a single experienced sorog- 
rapher using either an Advanced Technologies Laboratory 
3OOMk or 6ODMk mechanical sector scanner or a Hewlett- 
Packard 7702A phased-array scanner. The left ventricle was 
imaged f?om five standard imaging planes. including the 
parasternal short-axis planes at the level of the m::ral valve, 
the midportion of the papillary muscles, the apex as well as 
the apical two- and four-chamber views. All images were 
recorded on 05in. (1.27 cm) VHS video tape. 
Assessmen! ol‘venrricrrlar size. In this sludy, left ventric- 
ular endocardial surface area was used BS an index of 
ventricular size and was measured as follows. lnitialiy, ill 
leas1 three suitable end-diastolic images From each of the five 
imaging planes were used to measure the left ventricular 
long-axis length, the mean length of the endocardial seg- 
ments from the apical two. and four-chamber views and the 
left ventricular circumferences at the mitral. papillary and 
apical short-axis ievels (Fig. IA). All measurements were 
made with an off-line analysis system (Sony Cardiologic 
Analysis) by a single trained ronograpber. The average 
measurement of each dimension was then entered into a 
computer algorithm (6-8) thal reconstructed the endocardial 
surface of the left ventricle (Fig. 18) and displayed this 
surface as a planar map composed of four quadrants (Fig. 
10. Once the maps were complete. the endncardial surface 
area of the left ventricle was calculated as the sum of the 
surface area of the four map quadrants, To correct for 
variations in patient size, the cndocardial surface area was 
divided by body surface area and expressed as an endocar- 
dial surface area index. The normal (ad&) endocardial 
surface area index is 64.9 + 1.2 cm’lm’. 
Assrssmrnt of fhe C.XEW of htonwl u-till rrrotim. A
region of abnormal wall motion. defined as any reduction in 
systolic cndocardia! excilrkw. or thinning. was demonsrra- 
ble on the initial study in all patients. DlagnoGs and IO :al- 
iration of the aica oi abnorurai \\iJ/ motion were pe&rrmrci 
by three experienced observcrr. without reference to the 
patient’s clinical. clectrocardiographlc IECGI or an~m- 
graphic data. The margins of the area of abnormal wall 
motion were identified by repealed wrving of the echocar- 
diographic images. The extent of abnormal wall motion and 
its distance io prcdefined internal rardiac landmarks were 
then measured in three frames. The me:m oceach measure-‘ 
ment was then entered into the computer algorithm. which 
then superimposed the area of abnormal wall motion on the 
endocardial surface map (Fig. ID). In this way. the percent 
of the endocardial surface that moved abnormally was 
expressed as the ratio of(Abnormal wall motion/Endocardial 
sluface area x 100). For the purpose of this an;tlyais. the \~te 
of abnormal wall motion was classified as either anterior or 
nonanterior, depending on the predominant site of abnormal 
wall motion displayed on the endocardial map. 
Inrrnobserver wriobility of radocwdiul sqfitce wen in- 
de.r md abnormnl wull rwfian. The intraobserver dariabil- 
ity in the measurement of both endocardial surface area 
index and the extent of abnormal wall motion were deter- 
mined by remeasurcmcnt of IO randomly selected studies. 
The intraobserver variability in the mcnsurcment of endo- 
cardid surface area index was 1.5%. The intmobserver 
variability in the measurement of the extent of abnormal wall 
motion for IO infarcts with an average area of 14.5 cm2 tias 
1.3 cm2, or 9.4%. The temporal variability in endocardial 
surface area index in normal subjects over a mean period of 
3 months, assessed by a single observer, has been demon- 
strated to be <5% (within the variability of measurement) 
(9). 
Echocardiograpbic detlnitions. For the purpose of this 
analysis, the upper95% confidence limit of the intraobserver 
variability of measurement of endocardial surface area index 
and abnormal wall motion was used todefine the significance 
of any temporal change in ettdocardial surface area indet 
and extent of abnormal wall motion over the follow-ur 
period. Accordingly, an increase in endocardial surface area 
index of >Iu% was considered to represent a significant 
increase in ventricular size. This was detined as global 
ventricular dilation if the increase in endocardial surface 
area index was not associated with an increase in percent 
abnormal wail motion and was defined as infarct expansion if 
the increase in endocardial surface area index was accom- 
panied by a >lO% increase in abnormal wall motion. 
Changes in the extent of regional dysfunction were described 
as due to either infarct regression (if there was a >20% 
decrease in the absolute extent of abnormal wall motion) or 
infarct extension (if there was a >20% increase in the 
absolute extent of abnormal wall motion associated with 
involvement of an adjacent. previously uninvolved region of 
the venrricle). 
Clinicat and attgiograpbii dab. All clinicat and anpio- 
,;raphic daya were collected without reference to the 
r chocardiographic details. Clinical information. including 
1-2 ~-!i~n!‘\ z”- D”. zcnder. height, weight. admission pulse 
: E:C. blood pressure. ECG site of infarction and peak crea- 
‘me kinase. were collected during the patient’s admission. 
?nal details of all treatmen! received duringthe study period 
vere obtained by subsequent review of the medica records. 
jngiogramb were analyzed to determine the number of 
discascd wsxls. the percent stenosis within each vessel and 
the presence of collateral Row to the infarct bed. The 
infarct-related artery was defined on the basis of rhe 
cchocardiographic site of infarction. Coronary patency was 
defined as pqreqgrzde t?ow within the infarct-related anery. 
Collateral Row was defined as at least pa&i r?irograde 
filling of the epicardial segment of the infarct-related afiery 
i IO). 
Subgroup classificatbo. On the basis of both clinical and 
angiographic data. each patient was initially classified into 
one of three groups as foilows. 
Gror~p I included patients whose infarct-related artery 
remained occluded. This was defined as angiographic proof 
of occlurion of the infarct-related artery after the i&x 
infarction. Patients in this group ffere subsequently classi- 
fied into those ‘4th Group lb) or without Kimup la) 
angiogmFhic evidence of collateral fir *V to the infarct bed. 
Group II included patients with evidence of early coro- 
nary reperfusion. defined as either I) angiographic proofthat 
the infarct-related anery was patent within 6 h ofthe onset of 
symptoms (Group Ha). or ?I early peaking of the creatine 
kinase curve after the administration of thrombolytic ther- 
apy within 6 h of the onset of infarction (11 .It) together with 
angiographic pmof of coronary patency within week 1 of 
admission (Group Ilb). 
Grur~ III included patients who had reperfusion of the 
infarct-r&red artery within days of infarction. This group 
either II had zngiographic proof of coronary occlusion 
within 6 h of theonset of infarction followed by angiographic 
proof of spontaneous coronary repetfusion within 7 days of 
admission. or ?I had undergone successful angioplasty of an 
occluded infarct-related vessel within week I of admission. 
Slatistical analysis. Vaiucs are repwted as mean value 2 
SEM. The Fisher exact test was used to examine differences 
between groups, including differences in gender, infarct site. 
medication prescribed and proportion of patients with a 
change in abnormal wall motion and endocardial surface 
area index. The changes in abnormal wall motion and 
endocardial surface area index between entry and I week 
and entry and late follow-up were compared by using a 
paired two-tailed Student I test. Because this was not a 
controlled study, only the changes occurring in each group 
were compared. To overcome any bias associated with the 
use of multiple contparisons between group data (that is. 
between entry and both I week and fate follow-up). only p 
values < 0.025 were considered significant as dictated by the 
Bonferroni theorem (13). Subsequently. a two-tailed paired 
Student I test was used to examine the changes in abnormal 
wall motion and endocardial surface area index fmnl entry to 
la follow-up in relation to the site of infarction. Finally, a 
multiple stepwise linear regression analysis (14) was used to 
examine the predictors ofendocardial surface area index and 
change in the extent of abnormal wall motion at the time of 
late foHow-up after infarction. 
Results 
Study patients. The study group included 91 patients 
presenting with a first myocardial infarction. All patients had 
echocardiographic data available for analysis within 24 h of 
admission, and all had undergone angiography after the 
index infarction. Seventy-eight patients had echocardio- 
graphic data available for comparison at 1 week, and 61 
patients had echocardiographic data at 6 to 12 weeks after 
admission. The mean late follow-up period for these patients 
was 2.6 ? 0.5 months. 
Cllnieal characteristics ol patient groups, Group I: core- 
nary occf~siorr. Thirty-two patients were found 10 have an 
occluded infarct-relared artery at a mean of 8 days after 
admission. Of these, I4 (Group Ia) had no angiographic 
evidence of flow to the infarct bed and I8 (Group lb) had 
angiographic evidence of collaleral low to the infarct bed. 
Group II: early coronary rtyperfusion. This gronp in- 
cluded 43 patients, 26 of whom were proved to have a patent 
infarct-related artery within 6 h (mean 2.2 + I .5) of the onset 
of symptoms (Group Ha). Early reperfusion was achieved by 
either I) intracoronary or intravenous thrombolytic therapy 
together with angioplasty (n = M), 2) primary angiop!asty of 
an occluded infarct-related vessel (n = 6), or 3) occurred 
spontaneously (n = 4). The mean residual stenosis within the 
infarct-related arterv was 43 ” 6%. In the remaining I7 
patients who receivdd thrombolytic therapy within 6 h (iean 
2.1 + 1.5) ofthe onset ofchest pain, therapy was considered 
to have been successful as evidenced by early peaking of the 
creatine kinase curve (Group Ilb). In each caqe, the infarct- 
related artery was proved by angiography to be patent within 
week 1 (mean 4.2 days) of admission. The mean residual 
stenosis whhin the infarct vessel was 44 t 4%. No patient in 
Gmup II had clinical or enzymatic evidence of reocclnsion 
during the follow-up period. 
Group III: lale coronary reperjidsion. This Broup in- 
cluded 16 patients. In I3 patients, an occluded infarct-related 
artery was reopened by angioplasty within week 1 (mean 5 
days) of infarction. These patients had either postinfarction 
angina or a reversible thallium defect adjacent IO Ihe infarct 
zone. In the remaining three patients entered into a con- 
trolled thrombolytic trial, the infarct-related artery was seen 
to be and left occluded within 6 h of chest pain. Repeat 
angiogmphy performed within week I of admission con- 
firmed that the vessel bad become patent, presumably as a 
result of spontaneous thrombolysis. The mean residual ste- 
Tahlo 1. Clinical Characteristics OF the Study Patients 
Demographic details 
hlcan age 
Male 
Clinical status on admirrion 
Pulse raw 
Group I Group II 
In = 321 I” = 43) 
55 t 1.9 54 t 2.1 
27 @*I 30 ,xl, 
80 + 3.0 81 f 3.0 
129 t 4.0 123 + 3.0 
Echcadiognphic .a 
*“tenor 9 (28) 26 (60) 
Nonantclior 
Inraw-related army 
LAD 
RCA 
Circumflex 
Infarct sire 
23 (721 17 (40) 
9 I281 26 (601 
I3 (41) 13 00) 
IO (211 4 r101 
Peak CK (IUiliterl I.140 2 IS0 1.986 I 227 I.654 i 185 
AWM at enw km? 35.2 * 4.7 31.b f 3.3 26.3 t 3.8 
Dam are expressed a~ mean valve i SEM or number (%I or patients. 
AWM = abnormal wall m&n: BP = blood messwe: CK = ereatine kinase: 
nosis in the infarct-related vessel in this group of I6 patients 
was 44 f 8%. Fifty percent (8 of 16) ofpatients had collateral 
flow to the infarct bed at the time of initial angiographic 
study. 
Table I displays the demographic and clinical charaeter- 
istics of patients in each group together with details reIating 
fo infarct site, infarcl size and the infarct-related vessel. 
There were no statistically significant differences in entry 
abnormal wall motion and site of infarction among groups. 
Further, there were no differences in the number of patients 
in each group receiving beta-blocker or diuretic drug ther- 
apy. Only seven patients received an angiotensin-converting 
enzyme inhibitor (four in Group I and three in Group Ill). 
Changes in ventricular sizealter myocardii lnlarction. At 
I week, a >lO% increase (mean 16.9 f 2.2%) in endocardial 
surface area index was evident in 21 (27%) of 78 patients. 
This increase occurred predominantly in patients with a 
large (abnormal wall motion >3&%) anterior or inferoapica’ 
infarct. In 82% of these patients, the increase in endocardial 
surface area index was due to global dilation. By 3 months, 
a >lO% (mean 27. I + 3%) increase in endocardial surface 
area index was observed in I9 (31%) of 61 patients. Infarct 
expansion occurred in 4 (21%] of 19 patients in this gmup 
and was confined to those with an occluded infarct-related 
artery. Details of the changes in ventricular sire (endocardial 
surface area index) in each group are discussed next. 
Group I: coronary occlusion. As seen in Figure 2 and 
Table 2, a progressive and significant (18.5%) increase in 
endocardial surface area index occurred only in the group of 
patients wilhout angiographic evidence of col’ateral flow 
(entry 64 2 3.4 cm’im’ vs. late 75.9 * 6.4 cm21m2, p < 
0.005). The increase in endocardial ?utfacc area index was 
most striking in patients with anterior infarction (entry 
69.4 + 4.7 cm2/mz vs. late 81.4 f 9.S cm’im’. p < 0.02); 
however, it was also seen in some patients with extensive 
inferoapical infarction. Notably. by 3 months. infarct ex~an- 
sion w& evident only in patients without anterograde flow to 
the infarct bed (0 of 38 with anterograde Row vs. 4 of 23 
without anterograde Row, p < 0.02). 
Group II: ear/y reperfirsion. There was no significant 
change in endocardial surface area index during Ihe fol- 
low-Up period in the group of patients in whom tie infarcr- 
related artery 
2.6 cm’lm YS 
was either proved (Croup Ha-entry 62.7 ? 
late 62. I 2 2.6 cm’im’, p = NS) or assumed 
(Group Ilb-entry 6.Q.B t 2.4 cm’& vs. Iale 62 + 
2.8 cm’lm*, p = NS) lo be patent within 6 h of the onsef of 
infarction. For this reason. the data from both groups have 
been combined in Table 2 and Figure 2. 
Group III: Iare coronary reperfrsiorr. Although endocar- 
dial surface area index tended to increase over week 1 (early 
58.3 f 1.7 cm2im2 vs. 1 week 64.4 2 I.6 cm’im’. p < 0.04). 
this trend did not continue as it did in patients in Group la 
(entry 58.3 + 1.7 cm’im’ vs. Iale 6J1.9 * I .5 cm”/m’. p = NS) 
(Fig. 2D). 
&ages ia the extent of abnormal wail motion after 
mytwdii infarction. At I week. 45% of patients had a 
>20% reduction in the extent of abnormal wail motion. This 
was more frequent among patients with anterograde flow to 
Fiiure 2. Enducudial surface area at entry. I week and 3 months. 
A. Group la: persistent occlusion and M) collateral Row as defined 
in Table I; B. Group lb: pfrCstcnt occlusion and collateral fiow 
dl defined in Table I: C. Group II: eariy coronary reperfusion; 
0. Group Ill. late coronary reperfusian. ‘1 test: entry versus late 
rolloWp. p C o.tlos. 
Ihe infarct bed (30 of 50 160%] with anterograde flow vs. 5 of 
28 [la%] without anterograde flow, p < O.wOl). Further, the 
mean percent decrease in abnormal wall motion was greater 
in patients wtth anterograde flow to the infarct bed compared 
with patients with coronary occlusion (anterograde flow: 
-53. I 5 3.67~ vs. no anterograde flow: -33.9 + 6.3%. p c 
0.033). By 3 months. these trends continued to be seen. uith 
infarct regression being more Frequent 27 of 38 (71%) VP. 8 of 
23 (35%). p < O.GQ81 and more marked (mean percent 
decrease in abnormal wall motion: -72.8 2 5.2% vs. -43.0 5 
9.4. p c 0.004) among patients with anterogrdde flow IO the 
infarct bed. Details of the changes in the extent of abnormal 
wall morion in each group are discussed next. 
Group I: roronoty occlusion. The mean extent of rtbnor- 
mal wall motion did not change significantly over the study 
period in the groupof patients whose infarct vessel remained 
occluded (Table 2, Fig. 3). However. of the 35% of patients 
(8 of 23) with a ~20% decrease in abnormal wall motion. 5 
had angiographic evidence of collateral flow to the infarct 
bed (Group lb). 
Table 2. Changes in Endocardial Surfice Area Index and Abnormal Wall Motion at I Week and 
3 Months 
Admirdon 
I4 
I Week 
II 
p<o.ws 
ESAi (cm’lm’l 
AWM (cmzJ 
Group lb 
NO. 
ESAi (cmVm’) 
AWM lcm’l 
Growl II 
NO. 
ESAi (cmtlm’J 
AWM lcm’l 
Group 111 
NO. 
ESAi (cm’lm’) 
AWM Icm’l 
64.0 2 3.4 70.1 2 4.6 7.9 I 6.4 
46.7 2 9.3 59.1 2 14.9 63.8 ?z 17.1 
I8 17 I3 
59.7 2 2. I 61.0 T 2.1 58.9 ? 2.4 
26.3 f 3.3 30.5 t 3.8 24.0 + 5.3 
43 37 25 
61.1 + I.8 61.0 ? 1.7 62.0 + 2.3 
3:.5 I 3.2 p<D.wz 26.6 L 3.7 
p < 0.001 
17.0 z 4.5 
I 
16 I3 13 
583 ? 1.7 p 0.04 2.4 * ( 1.6 60.9 + I.5 
2:s f 1.8 
p < O.Wl 1 
‘“i’ $ b.4 
p c 0.02 
13.R t 4.0 
_I 
Data .ue expressed an number of paticnls or mean value + SEM. hWM = abnormal wall molion; ESAi = 
endowdial surface BW index: Group la 5 palients with coronary occlusion wilhwt COII~IC~BI Row (as defined in 
Table ID; Group Ib = pslicnls with coronary occlusion with collateral f ow: arher definitions m in Table 1. 
Gruup II: early coronary reper/itaion. There was a sig- 
nificant reduction in the extent of abnormal wall motion over 
the follow-up period in the group of patients whose infarct- 
related artery was either proved (entry 32.6 c 4.3% vs. late 
14.5 c 9.6%, p < O.OOI) or assumed (entry 29.8 + 4.8% vs. 
late 18.1 t 4.8%. p < 0.03) to he patent within 6 h of the 
onset of infarction. Because of the similarity in these trends, 
these patients’ data have been combined in Table 2 and 
Figure 3. Overall, 57% of patients (21 of 37) had a >20% 
reduction (mean percent decrease: -52.9 t- S%) in the 
extent of abnormal wall motion at I week and 76% (I8 of 25) 
had evidence of infarct regression (mean percent decrease in 
abnormal wall motion, -74.1 + 6.7%) by 3 months. These 
changes were seen in patienrs with anterior (cn~y 36.5 + 
4.7% vs. !ate 15.9 2 4.7%, p < 0.03) and inferior (entry 
27.6 + 4.4% vs. late 7.5 2 2.8%. p < O.tNOZ) infarction. 
Grolrp III: late roronnry reperjusiw A significant de- 
crease in the extent of abnormal wall motion was seen at I 
week and at late follow-up in the group of patients with lme 
reperfusion (early 26.5 * 3.8% vs. late 13.8 + 4% p < 0.02) 
(Table 2, Fig. 3). This was a consistent trend, as 70% of 
patients (9 of 13) had a >20% reduction in abnormal wail 
motion (mean percent decrease -53.7 + 3.5%) and a similar 
proportion (70%, 9 of 13) had evidence of infarct regression 
(mean percent decrease in abnormal wall motion -70.2 t 
9.2%) at late follow-up. Infarct regression was most striking 
in patients with anterior infarction (entry 30.3 t 5.4% vs, 
late 13. I f 5.6%. p < 0.02) but was also evident in patients 
with inferior infarction (entry 22.7 f 5.5% vs. late 14.4 f 
6.1% p = 0.12). 
Finally, multiple stepwise linear regression analysis was 
used to examine the predictors of ventricular size (endocar- 
dial surface area index) after myocardial infarction. This 
revealed that by 3 months, ventricular size related indepcn- 
dently to both endocardial surface area index and the extent 
of abnormal wall motion at entry (p < 0.0001) and lo the 
change in the extent of abnormal wall motion over the 
follow-up period (p < O.ooOl). Further. in a separate analy- 
sis, it was shown that the only significant predictor of the 
change in abnormal wall motion over the follow-up period 
was sntcrograde blood flow to the infarct bed (p < 0.0001) 
independent of both the extent of abnormal wall motion at 
entry or infarct site. To ensure that these analyses were not 
biased by the inclusion of patients with early coronary 
reperfusion, they were repeated without inclusion of patients 
in Group Il. This confirmed that even in patients without 
evidence of early coronary reperfusion, late anterograde 
flow to the infarct bed was associated with a reduction in the 
extent of abnormal wall motion (p < O.oM) that, in turn, wits 
associated with attenuation of the increase in endocardial 
surface area index by 3 months (p < 0.001). 
Discussion 
After myocard’dial infarction, an increase in ventricular 
size is common, often silent and a marker of poor outcome 
(I,&19). There is now increasing evidence that the process 
of infarct and ventricular enlargement (remodeling) can be 
attenuated by early coronary rep&t&n (2,3), probably as a 
result of limitation of infarct size (20). However, because 
early coronary reperfusion fails to occur in most patients 
with infarction, it is important to determine whether ventric- 
ular remodeling can be modified by any other means. Al- 
though animal studies suggest that this may be possible. 
either by the administration of angiotensin.converting en- 
zyme inhibitors (21) or by late restoration of flow to the 
infarct bed (22-24). there has been no clinical correlates of 
these observations in humans. Hence, the observations in 
this smdy are important because they demonstrate that 
restoration of anterograde flow to the infarct bed. even 
within days of myocsrdial infarction. may reduce the extent 
of regional dysfunction and so attenuate the process uf 
continued ventricular enlargement. 
Meehanistns and determinants of ventricular enlnrgemeni. 
In this study, a significant increase in ventr;cular size was 
observed in 31% of patients over the study period. This 
increase was associated with infarct expansion in only 21% 
of these patients, all of whom had an occluded infarct-related 
artery. In the majority of patients, therefore. the increase in 
ventricular size was due to a more glcbal process associated 
with an increase in size of both the infarcted and non- 
infarcted myocardial segments. These changes were most 
striking in patients with anterior infarction and in those with 
large inferoapical infarction. Regression analysis confirmed 
that by 3 months, ventricular size was likely to be greater in 
patients with a large infarct and evidence of ventricular 
enlargement within 24 h of admission and that ventricular 
size was influenced by changes in the extent of regional 
Figure 3. Area of abnomal wall mmion al entry. I WC& and 3 
months. h. Group la: persistent occlusiaa and no collateral flow as 
detincd m Table I: B, Group lb: persistent occlusion and collateml 
Row 8s defined in Table 1; C, Group II: early coronary rcpxfusion; 
D. Group 111: late cornnary rcperfusion. +I test: emry versus 1 week. 
entry “5. late follow-up. p < o.tMs. 
dysfuncliun over the postinfarction period. Further. it was 
demonstrated that anierqgade Row to the infarct bed was 
the only independent predictor of the change in the extent of 
regional dysfunction. In general then, these nhservations 
support the conclusions of previous studies in which ven- 
tticularenlargement was observed in 200/a to 409 of patients 
(15.16). especially in the setting of large infarction involving 
the apex (Y.lS-17) and in patients who had angiogrdphic 
evidence of persistent coronary occlusion (23.24). These 
data also extend the conclusions of previous studies 125-27) 
that demonstrated a relation between perfusion of the infarct 
bed and smaller ventricular size because they indicate that 
the tendency for continued ventricular enlargement after 
myocardial infarction may be artenuated by anterogmde 
perfusion of the infarct bed regardless of IV/WI this is 
achiwed. 
EK~C~ of late reperRsioa. Although the mechanism 
whereby late coronary reperfusion might modify ventricular 
size remains uncertain, it appears that it may have resulted 
from a primary effect on regional function. Indeed, the 
observation that by 3 months, ventricular size was signifi- 
cantly affected by changes in the eXlenl of abnormal wall 
motion, which in turn was related to the presence ofantero- 
grade Row to the infarct bed. strongly supports this conclu- 
sion. Recent experimental data in animals do indicate that 
late coronary reperfiision may atTececl the process of infarct 
expansion. Specifically, it has been shown in rats (22.23) that 
late reperfusion acts lo promote scar healing, which then 
attenuates (late) infarct expansion. However, similar expcr- 
imcms in dogs (24), suggest that late reperfusion may have a 
more immediate effect, resulting in limitation in the extent of 
functional infarct expansion. The observations in our study. 
that the extent of abnormal wall motion had already re- 
gressed at I week in patients with late rep&&m. support 
these latter observations because they indicate that the 
benefit associated with late reperfusion occurs rapidly. in 
association with recovery of regional function, rather than 
being due only to improved scar formation. 
For these events to occur, there must have been sufficient 
collateral flow to the infarct bed after the onset of coronary 
occlusion to limit the process of infarction (27-30). leaving 
the myocardium adjacent to the infarct bed only stunned 
(31). Hence, the size of the regional wall motion abnormalhy 
seen soon after coronary occlusion must not have been 
representative of the true entent of myocardial necrosis. 
Because under these circumstances the cxlent of recovery of 
regional function would be related to the adequacy of 
regional perfusion (32), viable myocardium might remain 
dysfunctional in the setting of conrinuing &hernia and so 
enter a phase of hibernation if collateral flow is poor (33). 
Restoration of adequate flow to myocardium in this phase. 
would then be expected to lead to a rapid recovery in 
function (3P. 
Several aaservations in this study are supportive of this 
scenario. I) Thm regional function improved after late reper- 
fusion clearly indicates that coronary occlusion had not 
resulted in completed infarction in these patients. 2) That 
infarct regression was more frequent and more marked 
among patients with anterograde (vs. no OF only collateral) 
flow to the infarct bed suggests that the adequacy of regional 
blood flow is an important determinanr of recovery of 
regional funcuon. 3) l’he observation that the ewnt of 
regional dysfunction decreased at I week in patients with 
late reperfusion suggests that restoration of adequate re- 
gional flow to the infarct bed may have prevented the 
noninfarcted myocardium adjacent to the infarct zone from 
entering into a phase of hibernation. Although the time 
course of these events appears rapid, as it is usually consid- 
ered thar the functional etfects of ischcmia may be evident 
for weeks after infarction (31). the observation that regional 
function improved significantly within days of coronary 
repetfusion is well supported by studies (35-39) that have 
examined the time course of recovery of myocardial function 
after reperfusion therapy, 
Finally, further support of these data is provided by the 
observations in several recent studies that restoring anlero- 
grade flow in a chronically occluded coronary m(cry may 
improve regional and global ventricular function. In panic- 
ular. h has been shown that amone aatients with evidence of _. 
regional and global ischemic dysfunction. improvemenl in 
regional flow after either aogioplasty (40) or surgery (41) 
results in rapid recovery of myocardial function. Although 
patients in these studies had remote infarction, the patho- 
physiologic circumstances are likely to be the same as those 
present in the early postinfarction period (that is, after 
coronary occlusion. there must have been sufficient coliat- 
era1 flow to lhe infarct bed to preserve myocardial .:iability 
but insufficient flow to preserve myocardial function) 
(33.34). 
Limitationsolthis study. It is important to appreciate that 
our study was a nonrandomized analysis of patients having a 
first myocardial infarction. Of the 16 patients in Group ill. 13 
had undergone early investigation and intervention on the 
basis of clinical evidence of continuing ischcmia (that is, 
intervention was performed to prevent &hernia rather than 
in the hope that it would improve regional function or affect 
ventricular remodeling). Nonetheless, that these effects 
were demonstrable is interesting and provides a rationale for 
further studies IO deTermine which patients arc likely to 
benefit from lare coronary reperfusion and whether this 
benefit translates intoan improvement in long-term survival. 
Conclusions. These data demonstrate that in patients 
surviving a first myocardial infarction. the process of ven- 
tricular enlargement over the subsequent J-month period is 
related to changes in the extent of abnormal wall motion that 
in turn are related to the adequacy rather than the timing of 
perfusion of the infarct bed. Hence, these data support the 
concept that in selected patients, restoration of anterograde 
Bow to the infarct bed beyond a time when the extent of 
necrosis can be limited may benefit regional ventricular 
function and so modify Le process of vennicularremodeling 
after myocardial infarction. 
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